Abstract-The
INTRODUCTION
An influenza pandemic occurred during [1918] [1919] . It is estimated that about 500 million people (one third of the world's population) were infected and about 50-100 million people died, resulting in the high death rate of 2.5-5%
[1] [2] [3] [4] . It is believed that the pandemic originated in the United States, although there are other hypotheses on the origin of the pandemic [5] [6] [7] [8] .
One characteristic of [1918] [1919] Influenza was that the death rates for the age group 20 to 30 years were remarkable higher than other age groups [4] . Usually the death rate of patients in this age group is low because of their stronger immune system. Figure 1 shows the influenza death rates by age group in 1918 and 1911-1917. [4] We hypothesize that the spread of the pandemic is based on the traffic pattern. Thus, in this paper, we simulate 12 countries, considering the international traffic in real data. For the international traffic, we consider both the civil traffic and the military traffic since there was the First World War (1914) (1915) (1916) (1917) (1918) during the pandemic. We compare the simulation result with the real record on the number of death cases and find important factors which would influence the pandemic. Also, we simulate without military traffic. By comparing the simulation result with the original simulation result, we find how the war influenced the pandemic.
To model the pandemic, we propose a hybrid model which considers both local infection and global infection. 
II. RELATED RESEARCH
Simulations for the spreading of infectious disease have been carried out in the past. There are some differences between our approach and other related research. First, a lot of research on simulating disease spread focuses on a prevention/mitigation strategy by comparing the base simulation and an alternative simulation which considers their proposed strategy (e.g. [9] Our work focuses on the reproduction of the real pandemic using real situation. We model the pandemic, compare the results with real data, and explore the key factors which influenced the spread. Although these critical-factors could provide hints that would help contain the spread of the disease, this paper does not directly propose a prevention strategy.
Earlier research tended to consider the spread of infectious disease from either the local or global point of view (e.g. as influential parameter to spread (e.g. [11] [21]). We do not determine R0. In our simulation, first, we consider setting the parameters so that the result corresponds with the actual situation in some countries in terms of the number of cases.
Then we simulate further experiments using same set of parameters. This is based on the assumption that R0 varies according to country.
III. MODELING Previous attempts to model spreading infectious diseases
tended to use one of two approaches. Equation-based models like the SEIR model is suitable for a large-scale spreading of diseases. These models use just a few parameters to reproduce the spreading phenomenon. However it is difficult to reflect detailed situation in countries which have different local infection conditions. Second, network or agent-based simulation models can theoretically reflect the detail of individual conditions. However, modeling large-scale global diseases is difficult as too many parameters are needed for simulation. Thus we propose a hybrid model. We make a simple model using a small number of parameters and make it capable of simulating a general pandemic.
We simulate using several countries. 
where is the number of Infectious agents of country j at time t. is the total amount of both traffic from country i to j and from j to i. is the global infection probability at time t and is calculated by the expression; (2) where is the basic global infection probability between countries. is a "deductor" for the global infection. t is time (simulation cycle). and are constants and are uniformly used for every country. Thus the global infection probability , decreases along the simulation cycle. We assume that, in the real world, the global infection occurs with high probability in early pandemic due to the lack of awareness of the disease. As the disease spreads, people take preventive measures against the infection and pandemic decreases. We apply this concept in the simulation. The number of Exposed agents in country i at time t, , is updated by adding to at each simulation cycle.
We assume that the local infection probability depends on the population density of a country. Thus if the country is dense, people are more likely to be infected. The basic local infection probability of country i, is given by the expression; 
where us the number of Susceptible agents of country i at time t. is the number of Infectious agents of country i at time t. is the local infection probability at time t and is calculated by the expression;
where is the basic local infection probability of country i which is obtained by equation (3) .
is a "deductor" for the local infection and is a constant which is used for every country. t is time (simulation cycle). Similar to the global infection, the local infection probability decreases as the simulation cycle increases. This reflects people's awareness. The number of Exposed agents in country i at time t, , is updated by adding to at each simulation cycle. Table 1 lists the parameters in the simulation. There are eight controllable parameters which are denoted as constants in Table 1 . These parameters are used for every country uniformly. Other parameters are derived from real data and depend on country. corresponds with the pandemic period. Thus it is possible that the returning troops contributed to the spread of the pandemic.
We examine the number of returning troops after the war as Table 2 shows. Third, there was the Allied Intervention to Russia from 1918. This dispatch of troops is another major instance of troop-traffic. Thus, it is possible that Russia was infected through such troops from Europe [7] . We examined the number of troops sent to Russia as Table 3 shows.
Although the war had worldwide battlefield, the battles outside Europe were almost completed in 1918, except in some parts such as Eastern Africa. Thus, for the military traffic in our simulation, we focus on these three types of troops; AEF, returning troops from Europe, and troops for the Allied Intervention to Russia. For the local infection, we use the actual population and population density of that time in each country referring to [3] [24] [25] [26] [43] . For the global infection, since we have two types of different international traffic, namely civilian and military, we set different global infection probability for each type in our simulation. We set the simulation cycle as 240 to simulate 2 years. Thus we consider 10 cycles in the simulation as one month in the real world. Then we apply the number of troops which travels between countries in the simulation along the time sequence in the real data.
We use the real data on the number of deaths by the pandemic to compare it with the simulation result. Johnson and Mueller collected the real records and comprehensively estimated the mortality rate and death toll in each country [3] .
We use this data to compare with our simulation result. Figure 6 shows the comparison of the number of death cases between simulation result and the real data. Figure 6 (a) shows the comparison in 12 countries and in Figure 6 (b), we eliminate the most two significant countries, India and China, due to the different scale. The simulation result shows that there are a large number of cases in China and India. This tendency corresponds with that of the real world, although there are big differences between simulation result and the real data. In Figure 6 (b), there is substantial difference in Russia.
However, in many countries, the number of cases almost corresponds with that of the real data.
We consider the reason for the large differences between the simulation result and the real data in India, China, and Russia. At first, we refer to usual death rate since we guess that usual death rate is reflected by the usual sanitary level in a country. Table 4 shows the vital statistics of deaths per 1,000 persons in 12 countries in 1917. In China and India, the death rate is very high compared with other countries. This may be due to poor sanitary practices in these two countries in the 1910's, which resulted in the large number of deaths. Next, we consider the reason why the real data of India shows larger number of death cases than that the simulation result shows and the real data of China shows smaller number of cases. We refer to the share of age groups in population of a country since the mortality rate of the influenza in [1918] [1919] varies in the age group [4] . We focus on the age group of 5-54 since the death rate in this age group was significantly influenced by the influenza compared with the tendency in 1911-1917 as Figure 1 shows. Figure 7 shows the age group of 5-54 in 12 countries. In India, the share of age group of 5-54 is We referred to data on trade for civil traffic and considered three types of military traffic: AEF, the returning troops from Europe, and the troops for the Allied Intervention to Russia.
For the local infection, we used the SEIR model considering the population and population density of each country. We simulated 12 countries. The result showed similar tendencies to the real data. For some differences between simulation result and the real data, we considered some factors such as usual mortality rate and the share of age group of each country.
We also simulated the scenario without any military traffic to find how the First World War influenced the pandemic.
Then we found that the influence of the war upon the pandemic varies in countries. When a country was related with the European battle, the influence by the war was significant.
However, when a country was not deeply related with the European battle, the influence on the war was not significant.
